We sought to identify the rate of axillary recurrence after sentinel lymph node (SLN) biopsy for breast cancer. Summary Background Data: SLN biopsy is a new standard of care for axillary lymph node staging in breast cancer. Nevertheless, most validated series of SLN biopsy confirm that the SLN is falsely negative in 5-10% of node-positive cases, and few studies report the rate of axillary local recurrence (LR) for that subset of patients staged by SLN biopsy alone. Methods: Through December of 2002, 4008 consecutive SLN biopsy procedures were performed at Memorial Sloan-Kettering Cancer Center for unilateral invasive breast cancer. Patients were categorized in 4 groups: SLN-negative with axillary lymph node dissection (ALND; n ϭ 326), SLN-negative without ALND (n ϭ 2340), SLN-positive with ALND (n ϭ 1132), and SLN-positive without ALND (n ϭ 210). Clinical and pathologic characteristics and follow-up data for each of the 4 cohorts were evaluated with emphasis on patterns of axillary LR. Results: With a median follow-up of 31 months (range, 1-75), axillary LR occurred in 10/4008 (0.25%) patients overall. In 3 cases (0.07%) the axillary LR was the first site of treatment failure, in 4 (0.1%) it was coincident with breast LR, and in 3 (0.07%) it was coincident with distant metastases. Axillary LR was more frequent among the unconventionally treated SLN-positive/no ALND patients than in the other 3 conventionally treated cohorts (1.4% versus 0.18%, P ϭ 0.013).
S ince the initial reports of Krag et al 1 and Giuliano et al 2 describing sentinel lymph node (SLN) biopsy for breast cancer, more than 60 observational studies of SLN biopsy validated by a "backup" axillary lymph node dissection (ALND) demonstrate that SLN biopsy is feasible, accurate, and suitable for virtually all patients with operable, clinically node-negative disease. 3 It works well in a wide range of practice settings 4, 5 and with a variety of techniques. 6 -8 Most important, SLN biopsy allows enhanced pathologic analysis (with serial sectioning and anticytokeratin staining) to be performed on a routine basis, increasing the accuracy of staging 9 and reducing the proportion of false-negative results. 10 Finally, the SLN biopsy procedure has proven to be safe; serious allergic reactions to isosulfan blue dye are infrequent (0.5% in 1 large series 11 ), radiation exposure from 99m Tc is trivial, 12 and sensory morbidity is less than that of ALND. 13 However, the long-term sequelae of SLN biopsy remain to be defined and especially the incidence of axillary local recurrence (LR). If the SLN is falsely negative in about 5% of node-positive patients, 7 will SLN-negative patients (treated without ALND) be at an increased risk of subsequent axillary LR? Here, we aim to address this concern by examining our entire experience with SLN biopsy, with particular emphasis on the incidence and pattern of axillary LR.
METHODS
Between September 1996 and December 2003, 6278 patients underwent SLN biopsy at Memorial Sloan-Kettering Cancer Center (MSKCC), and were entered prospectively into the MSKCC Breast Cancer SLN Database. Review of clinicopathologic features and follow-up of all patients for this study was approved by the MSKCC Institutional Review Board.
Exclusion criteria included (1) failed SLN mapping, (2) benign disease (primarily cases of prophylactic mastectomy), (3) bilateral breast cancer, (4) intraductal carcinoma (DCIS), (5) inflammatory cancer, and (6) primary breast tumors of nonmammary origin. To allow at least 1 year of potential follow-up, patients treated after December 2002 also were excluded, leaving 4008 patients with unilateral invasive breast cancer for this analysis.
Our technique of SLN biopsy has previously been described in detail. 14 Briefly, all patients had SLN mapping using a combination of radioisotope (unfiltered 99m Tc sulfur colloid injected intradermally) and isosulfan blue dye (injected subdermally or peritumorally). All blue and/or focally hot and/or palpably suspicious nodes were considered to be SLN 7 and were submitted for intraoperative frozen section (FS). Final pathologic examination of FS-negative SLN included serial sections and immunohistochemical (IHC) anticytokeratin staining, taking 1 hematoxylin-eosin and 1 IHCstained section from each of 2 levels 50 apart.
After a validation phase in which we performed a planned backup ALND on all patients having SLN biopsy, our mature treatment algorithm was to perform no further axillary surgery in SLN-negative patients, and ALND in all SLN-positive patients (whether positive on FS or on final pathology). For this analysis, patients were further categorized as SLN negative with ALND (n ϭ 326, representing our validation phase), SLN negative without ALND (n ϭ 2340, representing our current standard practice), SLN positive with ALND (n ϭ 1132, also representing our current standard practice), and SLN positive without ALND (n ϭ 210, representing a group of patients who either refused completion ALND or were felt to be at low risk of having residual axillary disease).
For uniformity of comparisons, "ALND" was defined as the removal of a total of at least 10 lymph nodes. Among the "ALND" group, 7.2% were considered by the operating surgeon not to have had ALND, and in the "no ALND" group, 4.9% were considered to have had ALND. After surgery, all decisions regarding systemic adjuvant treatment and radiotherapy were based on conventional criteria. Follow-up of all patients included a physical examination of the breast and axilla at 3-6 month intervals, and annual mammography (with or without screening ultrasound). Other imaging studies were done only on the basis of symptoms or physical findings. LR were categorized as (1) axillary LR as the first site of treatment failure, (2) axillary LR coincident with breast LR, and (3) axillary LR coincident with distant disease. Categorical variables were compared using the Fisher exact test and statistical analyses of continuous and categorical variables used SPSS (SPSS Inc., Chicago, IL) and StatXact 5 (Cytel Software Corp.).
RESULTS
Among all 6278 patients (and after excluding 81 patients with incomplete data) the SLN was identified by blue dye in 81.5% (5049/6197), by isotope in 93.5% (5796/6197) and by dye and/or isotope in 97.3% of cases. The SLN procedure failed in 2.7% of cases. Among the 4008 study patients with unilateral invasive breast cancers treated prior to December 2002, median follow-up was 31 months, or 10,354 woman-years.
Clinicopathologic characteristics for each of the 4 patient cohorts are outlined in Table 1 . Those patients who had SLN biopsy with ALND (compared with SLN biopsy without ALND) were characterized by higher rates of mastectomy, larger tumors, and more lymphvascular invasion. Numbers of SLN and of non-SLN removed were comparable in both of the no-ALND groups and in both of the ALND groups (Table  2) . Of the SLN-positive patients, those who had ALND were more likely to have been diagnosed on FS, whereas those who did not have ALND were more likely to have been diagnosed by serial sections and/or IHC (Table 3) .
Across all 4008 patients (Table 4) , there were a total of 10 axillary relapses (0.25%, Table 5 ), with only 3 (0.07%) as the sole initial site of treatment failure. Comparing the 3 cohorts treated "conventionally" (SLN negative/ALND, SLN negative/no ALND, and SLN positive/ALND) with those treated "unconventionally" (SLN positive/no-ALND), axillary LR was more frequent in the latter group (Table 5 , 0.18% vs. 1.4%, P ϭ 0.013). In summarizing the clinicopathologic characteristics of all 10 patients who had an axillary LR (Table 6 ), there was no pattern which could distinguish those who developed axillary LR from those who did not.
Among 210 SLN positive/no ALND patients, 149 had breast conservation, and 53 of these had radiotherapy (RT) at MSKCC, allowing a detailed audit of their RT records and films. In this group, 43% (23/53) had RT to the breast only, and 57% (30/53) received additional tangent fields to the axilla. No patient in this subset developed axillary LR.
DISCUSSION
The historic rationale for ALND in breast cancer has been 3-fold: prognostication, the prevention of axillary LR, and the possibility of a small survival benefit from the removal of positive axillary nodes. During the past decade, SLN biopsy has emerged as a new standard of care in this setting and has allowed the elimination of ALND for a group of patients who are unlikely to benefit from it, those with negative axillary nodes. A substantial and largely observational literature has asked and answered many questions regarding the feasibility, accuracy, technique, case selection, learning curve, morbidity, and short-term safety of SLN biopsy. However, given the procedure's false-negative rate of approximately 5%, questions regarding long-term safety (and especially local control in the axilla) after SLNB remain unanswered. For SLN biopsy to replace ALND as a new standard of care, it is critical that axillary local control be at least comparable to that achieved after ALND. Recurrence in the axilla after ALND is quite infrequent, with 9 studies 15-23 reporting axillary LR after ALND ranging from 0% to 2.1% at follow-up of 40 -180 months ( Table 7 ). The 10-year report from NSABP-B04 trial, 16 which compared radical mastectomy (RM), total mastectomy (TM) plus radiation, and TM alone, in women with clinically node-negative breast cancers supports this finding; in the RM group, 40% of whom had positive axillary nodes, only 1% recurred in the axilla. In the TM group, 18.6% developed clinical axillary LR, requiring reoperative ALND at a median interval of 14.8 months (range, 3-134), with 75% of all axillary recurrences occurring within the initial 24 months of follow-up. The 25-year results of NSABP-B04 24 are comparable, showing ALND to be very effective in preventing axillary LR but also showing no significant difference in distant disease-free survival among the 3 arms of the study. Of note, B-04 was underpowered to detect small survival differences; 2 randomized trials 25, 26 and a recent overview 27 suggest that there is a small but significant impact of local control on survival.
Given the low rate of axillary LR after ALND, it is understandable that LR after SLN biopsy would be of concern. Nine studies 28 -36 have now reported comparably good 
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SLN, sentinel lymph node; ALND, axillary lymph node dissection. (Table 8a ). Of particular note is Veronesi's randomized trial 33 comparing SLN biopsy with ALND to SLN biopsy with ALND only if the SLN contained metastases. Although there was a false-negative rate of 9% in the SLN biopsy with ALND arm, there was no axillary LR in either arm of the trial at a median follow-up of 46 months. Our own results in SLN-negative patients with no ALND substantiate this finding, with an extremely low rate of axillary LR, 0.12% (3/2340), at a median follow-up of 31 months. This low recurrence rate is quite comparable to that following conventional ALND, and justifies the emerging consensus that ALND can be omitted safely when the SLN is negative.
Across our entire experience with SLN biopsy, local control appears to be comparable to that after ALND, regardless of SLN status or performance of ALND. Axillary LR was infrequent both in SLN-positive patients who had completion ALND and those who did not, 0.35% and 1.4%, respectively. Although axillary LR was more frequent in the unconventionally treated SLN-positive/no ALND group than in the rest of our patients (Table 5 ), this small difference (while statistically significant) may lack clinical significance. Van Zee et al. 37 have recently drawn on our experience to develop a multivariate nomogram for the prediction of non-SLN status in SLN-positive cases, and we have increasingly used this tool in counseling those patients whose SLN prove positive on final pathology. Not surprisingly, patients in the All tumor types were infiltrating ductal. SLN, sentinel lymph node; ALND, axillary lymph node dissection; H&E, Hematoxilin and Eosin; IHC, immunohistochemistry; LVI, lymphovascular invasion; ER, estrogen receptor; PR, progesterone receptor; BCT, breast conservation treatment; TM, total mastectomy; RT, radiation treatment; Tx, treatment. SLN-positive/no ALND cohort were older, had smaller tumors, less frequent lymphvascular invasion, and lower-volume SLN metastases. There are 3 reports 35, 38, 39 in the literature regarding this subset of patients (Table 8b) , with no axillary LR at 28 -32 months of follow-up. These results together with our own suggest that there is a low-risk subset of SLN-positive patients in whom ALND might not be needed, but require longer follow-up to be substantiated. An ongoing prospective randomized trial, ACOSOG Z0011, 40 aims to answer to this question. Some caveats apply to our findings. The most significant is the relatively short follow-up of 31 months. Although 75% of axillary LR after total mastectomy in the 25-year report of the NSABP B-04 trial 24 occurred within 2 years, breast cancer has a long natural history and low-volume residual disease might take much longer to become clinically apparent. A second caveat is whether our observed low rate of axillary LR in the era of SLN biopsy is simply the result of contemporary adjuvant treatments; chemotherapy, 41 tamoxifen, 42 and RT 43 all act to reduce LR independently of surgery. In our own internal audit, more than half of the SLN-positive/no ALND cohort patients who were treated at MSKCC received RT, which was modified to better treat the axilla. Finally, given the small number of events in our series, it is impossible to identify predictors of axillary LR at this time.
SLN biopsy is an increasingly well-accepted standard of care in breast cancer and appears equivalent if not superior to conventional ALND in accurately staging the axilla and preventing axillary LR. Across our entire experience of 4008 cases (representing 10,354 woman-years of follow-up), and even in our unconventionally-treated subset of 210 SLNpositive/no ALND patients, axillary LR appears to be infrequent, and comparable to that of ALND. Although longer follow-up is required to substantiate these results, the fear that axillary LR after SLN biopsy would exceed that of ALND appears to be unjustified. Since sentinel node biopsy was introduced for melanoma by Don Morton in 1992, the application of the technique to breast cancer axillary metastasis by numerous institutions has allowed the procedure to become the new standard of care for axillary node staging. More than 60 observational studies using the biopsy technique have been validated with "back up" ALND demonstrating that SLNB is a highly accurate and reproducible technique with false-negative rates that approximate 5%. Thus, the question posed by the authors is most appropriate and one that should be answered in prospective randomized studies. However, this large prospective database at Memorial provides us excellent opportunity to provide contemporary endpoints prior to the prospective trial that we are trying to complete in the College trial which will address the incidence and patterns of axillary nodal recurrence as well as survival outcomes.
Questions for the authors: Among the 4,000ϩ patients evaluated in the analysis, there was a total of 10 axillary relapses representing a frequency of 0.25%. As presented, the greatest frequency of this recurrence rate was in the SLNpositive/no ALND group (n ϭ 3; 1.5%). However, this frequency is 12.5 times that rate for the SLN-negative/no ALND group (0.12%; n ϭ 0.013). It is thus this group that would potentially obtain the greatest benefit with subsequent ALND (Levels I and II) to abrogate the potential of localregional recurrence and possibly enhance survival.
Thus my question, with the short-term follow-up in which failures were evaluated with a range of 8 -46 months, do you have data relative to patterns of failure and survival rates? Your follow-up of 31 months, while showing this difference in local-regional recurrence, despite the small total numbers, could possibly be translated into a negative impact on survival.
In this era of contemporary adjuvant therapies with chemotherapy, antiestrogens (SERMs) and radiation therapy to reduce local recurrence, do you foresee additional analyses that will shed light on this critical question?
Third, do you think that the SLNϩ/no ALND cohort treated at Memorial should be treated with axillary radiation to better control subsequent disease? In the B-04 trial of the NSABP, a 19% failure rate within 24 months of total mastectomy without radiation treatment was observed; most of these patients were treated with Level I, II, and III dissections. Is it possible that the long natural history and low- volume nodal disease will confound this issue; what will be long-term follow-up outcomes on disease-free survival?
The authors indicate a greater than X4 recurrence in the axilla for the SLNϩ patient who is not treated with ALND. While nodal recurrence was more frequent in this unconventionally treated group than for the rest of their patients, this small difference may lack clinical significance. As noted above, we do not know the ultimate impact of this variance on survival, which hopefully Z0011 of the College trials will answer. I would like to question the authors regarding objective pathological features that predict a greater frequency of recurrence rate in these subsets. Your group, similar to that of Van Zee et al, has drawn on multivariant nomograms for prediction of clinicopathologic features in SLNϩ patients (eg, young age, larger tumors, extensive lymphovascular invasion, micro-metastases, etc). These nomograms can be utilized to counsel patients whose SLN proves positive or negative on final evaluation pathologically. Could you instruct us how these nomograms are routinely utilized at Memorial for the SLN-positive/no ALND cohort in whom 210 of these patients were managed with this "unconventional" treatment? It will be impossible to know the patterns of failure and impact on survival until the prospective randomized trial ACOSOG Z0011 is completed.
Again, I thank the authors for bringing this most important study to the attention of the Association which confirms that axillary recurrence following SLNB, with and without ALND, is uncommon. This study confirms that this low relapse rate corroborates wider use of the SLN biopsy for breast cancer staging. Further delineation of the low-risk subset of patients in whom sentinel lymph node positive nodes were not treated with conventional ANLD needs further clarification and this study will further our knowledge of this issue. I wish to thank the Association for the privilege of the floor and again thank the authors for the opportunity to review this manuscript in advance.
DR. HIRAM S. CODY, III (NEW YORK, NEW YORK): Thanks very much, Dr. Bland.
Regarding the first question-and this slide again summarizes it-there is approximately 10 times the rate of axillary recurrence in the unconventional group compared to the conventional treatment group, 1.4% versus 0.18%. This, in fact, is why we recommend to sentinel lymph node positive patients that they have a completion axillary dissection. I should add, though, that in breast cancer you have to have a high rate of local recurrence before you begin to see an adverse survival impact, and my educated guess is that a 1 to 2% increase in axillary recurrence would not change survival at all.
The use of adjuvant therapy will pose a major problem in interpreting the results of all our clinical trials from here on. Despite clear surgical endpoints, there will be heavy contamination by variations in systemic treatment, and this will confound the interpretation of current breast cancer trials as they begin to mature. In our unconventional group we were able to go back and audit the additional treatment they received based on not having an axillary dissection, and among patients treated at our institution about half had their radiotherapy parameters altered to encompass at least part of the undissected axilla.
Finally, regarding the nomogram, Kim Van Zee of our group has developed a multivariate nomogram, which allows us to predict for sentinel node positive patients the likelihood of residual axillary nodal disease. This has proven very useful, but different patients given the same results may still decide on different courses of action.
DR. MERRICK I. ROSS (HOUSTON, TEXAS): Dr. Cody, you continue to show us why your group continues to take a leadership role in this particular cancer-related issue.
Actually, Dr. Bland addressed most of my questions. But we didn't really talk Group 4, which is the 2000 group, the ones that had sentinel node negative and no axillary dissection. I think you showed very nicely that a negative sentinel node biopsy is a good way to accomplish durable local-regional control. And I think that is very convincing data. But there is a false negative rate of 8% based on the Veronesi study, which means that not all patients that have microscopic disease will become clinically relevant in the axilla. But we also know from the B-04 data that not all patients with microscopic disease actually failed in the axilla. And just because they don't fail in the axilla doesn't mean there isn't microscopic disease that may be clinically relevant.
The reason why I am bringing this up is because there are, as we go up and try to have really diagnosis with breast cancer, the vast majority of our patients will have small tumors, and, therefore, the role of adjuvant chemotherapy or systemic therapy is going to be decreased over time. That false negative rate of 5 to 8% is going to become more important as time goes on, because that is what is guiding our decision making in cases of small tumors. Patients with small tumors who have negative sentinel nodes will not be getting adjuvant systemic therapy, so that 5 to 8% becomes a little more relevant over time. I would like your comment about that.
DR. HIRAM S. CODY, III (NEW YORK, NEW YORK): I agree with you entirely, Dr. Ross, and this gets at several other interesting issues. First of all, as we currently treat breast cancer, almost everyone gets some form of systemic therapy. Sentinel node biopsy may point the way to giving fewer of those patients receiving systemic therapy, since those who are truly node negative after enhanced pathologic analysis have a better survival than historic norms would indicate. We will be very interested in looking at survival as we go forward, but for this study we kept the focus on axillary local recurrence, and will need much longer follow-up to address the issue of survival.
DR. DAVID W. EASTER (SAN DIEGO, CALIFORNIA): A really interesting and provocative study. Thanks for those results. I just want to push you a bit further on what we are all hinting at. Do you have any more data for us? Or even generalities about those 4 groups? Did you extend the radiation treatment field? And what percent in those 4 groups got systemic therapy? I think you almost said that you did extend radiation fields and that almost everybody got systemic therapy.
DR. HIRAM S. CODY, III (NEW YORK, NEW YORK): Thank you, Dr. Easter. Since we only did an audit of the radiotherapy parameters in the unconventional group, and have not extended that analysis to the rest of the patients, I just don't have that information for you. In general, radiotherapy in the remaining patients was not extended beyond the breast unless there was involvement of more than 3 axillary nodes.
DR. STANLEY P. L. LEONG (SAN FRANCISCO, CALIFORNIA): I, too, would like to congratulate you, Dr. Cody, for an excellent paper from such an extensive database. There are 2 groups that I would like to concentrate on what you presented.
The first group is the sentinel lymph node negative group. Based on your data and other investigators' data, would you like to make a statement that indeed it is standard of care performing sentinel lymph node dissection for breast cancer? If it is negative, no additional axillary lymph node dissection should be performed.
The second issue is the sentinel lymph node positive group and yet not having axillary lymph node dissection. This is a more provocative group. It appears that although statistically significant, the clinical significance, as you have mentioned, is not that impressive. So based on that database with over 200 patients, would you recommend that even in the positive sentinel lymph node group, perhaps with more restrictive criteria that certain patients may not need subsequent axillary lymph node dissection without waiting for the result of Z0011? Thank you.
DR. HIRAM S. CODY, III (NEW YORK, NEW YORK): Thank you, Dr. Leong. Regarding the first question, every time I have been tempted to say it is the standard of care someone from the audience predicts trouble with the lawyers. I am absolutely certain it is an equivalent standard of care, and that for us it is our standard of care. I hope that it will become the standard of care, even if it is not so at present.
Regarding your second question, we have tried to be supportive of the Z0011 trial, but it is very difficult to accrue to a study with randomization between surgery and no surgery. Having said that, this unconventional group is going to remain a dilemma for all of us. There will continue to be a small number of patients in whom for one reason or another a completion axillary dissection is not done, and I think the best response I can give is to say that we are very interested in following these patients long-term.
DR. MONICA MORROW (CHICAGO, ILLINOIS): The group from Memorial, consisting of high volume specialty surgeons, has traditionally reported local recurrence rates that are a lot lower than what we see, for example, from the cooperative groups. Your local recurrence rate in the axilla after axillary dissection in this study was a factor of 10-fold lower for the node positive axilla than what was seen in the NSABP B-04 dissection arm.
You clearly proved that for your group local control after sentinel node biopsy is adequate, but do you think these results can be extrapolated to the average general surgeon who treats 10 breast cancers a year? Is the technique well described enough, well developed enough, and easy enough to adopt that everyone can presume their local control will be equivalent?
DR. HIRAM S. CODY, III (NEW YORK, NEW YORK): Thank you, Dr. Morrow. I think the best data on the generalizability of sentinel node biopsy comes from the Louisville Sentinel Node Trial, which encompasses the experience of about 220 surgeons and more than 2000 cases done in a wide variety of practice settings. Their results for all aspects of the sentinel lymph node biopsy procedure are remarkably consistent with our own. Their rate of local recurrence would be interesting as well, and I think would give us a good handle on whether what we are seeing in our own data is an unnaturally low rate of local recurrence. I do think sentinel lymph node biopsy can be generalized, and I think the learning curve may not be as long as we have all said. We started out recommending 50 -60 validated cases, and 3 years ago Kelly McMasters presented to this Association a superb study which showed that 20 cases was the optimum number. Now we have data from the UK ALMANAC trial which suggests that by using a standardized technique from the outset the learning curve may be as few as 1-2 cases.
DR. STEVEN M. STRASBERG (ST. LOUIS, MISSOURI): I rise on a point of terminology, not to having anything to do with breast cancer, but regarding the term "standard of care." I think Dr. Cody's concern about the use of that term is appropriate.
"Standard of care" is a medico-legal term, which includes both the current norm of practice, and how that practice is delivered; that is, it is also concerned with whether care is delivered with skill, good judgment and diligence. It is preferable not to use the term "standard of care" to refer to simply norm of practice. Rather "standard practice" or "standard care," which are medical and not medico-legal terms, should be used. They refer appropriately to only current norm of practice.
DR. HIRAM S. CODY, III (NEW YORK, NEW YORK): Thank you, Dr. Strasberg. I agree with you entirely. Let me just ask you in return, how should I best answer that question when I am asked it in the future?
DR. STEVEN M. STRASBERG (ST. LOUIS, MISSOURI): I think one should say that "standard of care" is a medico-legal term and it is confusing to use it simply as a term to refer to what current accepted practice is. But it is being used in the literature that way, and this leads to confusion. In fact, there are now many manuscript titles in the recent literature that include the term "the new standard of care," by which is meant "a new norm of practice." But lawyers may latch onto that and conclude that that is the "standard of care" in the legal sense. It is doubly confusing because the medico-legal standard of care includes consideration of whether the care is delivered with diligence, while diligence, skill and judgment are not a part of what is meant by "standard of care" when used as a pure medical term.
